SUMMARY OF .PANEL DISCUSSION

Chairman: Alan Rosen
TRW

A. Rosen: Our topic is the spacecraft charging hazard to space systems
and the credibility of that hazard to managers and systems designers who are
charged with the task of doing something about it and also what constitutes a
reasonable response to this perceived hazard. The panél membérs are a dis-
tinguished group and represent organizations that are concerned with the hazard.
They may be regarded as technical spokesmen for their organizations and have
the responsibility to do something about the perceived hazard. To wany of us,
they represent funding agencies. agencies that support much of our work. But,
it is important to realize that they, themselves, are constrained to address
what constitutes the '"real" hazard rather than soime imagined hazard.

The panel members are Major George Kuck, representing SAMSO; Robert Finke,
from the NASA Lewis Research Center; Michael Massaro, from General Electric;~-
William Lehn, from the Air Force Materials Laboratory; John Darrsh, from the
Air Force Weapons Laboratory; and Charles Pike, representing the Air Force
Geophysics Laboratory.

Because of the late hour, our agenda and format for this discussion are
aimed at giving each panel membér an opportunity to respond to the key issues.
I will open the discussion with some definitions and clarification of the topic
problem. Each panel member will then respond, for about 5 minutes, to the
problem. Then the session will be opened to general discussion.

If we could identify a well-defined threat to space systems, all tasks
aimed at alleviating or eliminating that threat would be funded. Project
managers and other people who are involved in the space program do respond to
a threat that they perceive. The question is, can we put the spacecraft
charging hazard in some sort of pergpective on a scale of 0 to 10, where 0 is
no hazard, 1 is a nuisance or ocutage of a second or less, 5 is an outage of a
few hours, and 10 is some sort of catastrophe? At this tidie, we have failed
to éstablish in a quantitative manner where the spacecraft charging hazard
falls on this scale.

The elements that go into a .quatititative definition of the hazard are the
environment, the interaction of a spatecraft with the environment (the chacgivg
model and the arc discharge characterization or the frequency-amplitude domain}.
where the charge goes (a crucial element in determining the hazard to space
systems), and the coupling analysis. What happens to the rest of a system
during a discharge and what demage may occur seem to be unclear. Key members
of the spacecraft design community cannot arnswer these questions. We have
done quite a bit in describing the spacecraft charging environment and in de-
fining a charging model. But we have failed in the area of discharges and
coupling analysis and in doing the necessary work to define the hazard. 1s it
8 valid hazard and what should be done about it?
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G. Kuck: My inttoduction to the spacecraft charging problem was about
6 months ago when I was mdde project officer on the SCATHA program. Thus, I
am the most junior member of this group. Although I was warred rot to gét
involved with the SCATHA ptrogram and told it is a boondoggle, a WPA project
for geophysicists, I do not hold this view. I beliéve it to be an important
program and I think this is theé perception of a large number of people, How-
ever, project persomnel do not seem to consider spacecraft charging to be a

hazard, and thereforé nobody from the SAMSO Systems Program Offices attended
this coufererce.

R, Finke: NASA has very little involvement with geosyichronous space-
craft. Although NASA is synonymous with spacecraft, we do not build and
operate many geosynchronous spacecraft. We provide launch setrvices. We did
build :-e Applications Technolog. Satellite (AIS) spacecraft and wére co-
experimenters on the Ccaomunications Technology Satellite (CTS). And we are
now taking part in the Tracking and Data Relay Satellite System (TDRSS) which
is a big project involving a series of geosynchronous spacecrait.

So what is NASA doing in a spacecraft charging program? Well, we are
technologists, and some of the early ATS data taken by Goddard indicated that
there was a charging phenomenon. The particle detector ou the ATS spacecraft
indicated that in the geosynchromous enviromment spacecraft charged up. It
is an interesting phenomenon. Others began reporting anomalies in their geo-
synchronous spacecraft, primarily the military communications spacecraft,

Some of the commercial spacecraft people began talking about anomalies -
switching of logic circuits, and so forth. We started looking at what might
be the cause of this and suggested the charging-discharging phenomencrn. It
became apparent that there was a problem with spacecraft - a relatively serious

problem. So as technologists we perceived that there was a technological
need.

NASA had for years worked on high-voltage systems in vacuum, and some of
us were familiar with the space sciences, instrumentation, and so forth. We
felt that, with our background and experience, we could make a contribution.
So, NASA decided to get involved in this activity., Eventually, we evolved the

present intercenter spacecraft charging program and developed an intetdependent
cooperative effort with the Aitr Force.

We tried to use our ground-based facilities to simulate the space environ-
ment for testing. We demonstrated that, after a solar array was charged dif-
ferentially, it arced and discharged. Kapton blankets, if not properly
grounded, also exhibited arcing effects. We turned the electron beam in the
vacuuih system on to the Global Positioning Satellite (GPS) louvers and saw
them arc, discharge, and flutter (the louvers opening and closing very rapid-
ly).

From the ground test data, in this particular environment, it appeared
that anomalies (arcing and sparking that would couple into the spacecraft sys-
tem) could happen. S$o we began a mcdeling program and did more testing on the
ATS-5 and AIS-6. We also developed an on-board monitor, a detector system,
and put it on CTS. There were 215 transient events on CIS during a year in
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orbit. A transient event in this case is up to 60 spikes on the power bus.
Fifteen pevcent of the solar-asrray power bus was lost after a particularly
active flutry of transient events. S¢, again a problem seemed to exist that
needed attention., We installed the same kind of monitor on the Orbital Test
Satellite (01S), and it is detecting transient events. The data have not yet
been analyzed,

So, to address the question of credibility and hazards, we feel, from
ground tests and analyses and our knowledge of the spacecraft charging 2nviron-
ment, that there is a potential hazard but that it depends on the configuration
and the spacecraft desigh. Transients can cause switching anomalies, We are
trying to develop techniques to prevent these anomalies. As discussed in the
papers given at this conference, NASA is publishing design guidelines and test

data, but the acceptance of this technology by the nser is highly deperndent on
our education of that user,

Think of this program as an R&QA function., If a user does not want to
use qualified parts on his spacecraft but wants to risk using parts he can buy
from Radio Shack, nobody can stop him except his sponsor or his boss. There is,
perhaps, an unquantifiable risk - a risk that is going to vary a lot with the
spacecraft, its design life, and its components. We may never be abie to pin
down exactly what the hazard is. But not looking at the charging criteria may
be a lot like not using R&QA.

M. Massaro: 1 agree with most of Dr. Rosen's assessment. Whether a space-
craft charging hazard can be rated from 0 to 10 will depend on the spacecraft
design. That is, you can probably have the full range of events, anywhere from
0 to 10, when an electrostatic discharge occurs, depending on the parcticular
payload or spacecraft design.

Through internally funded research, govermmerit vesearch contracts, and
space hardware development contracts, GE has made some ptrogress toward quanti-
tatively assessing the effects of electrostatic discharges (ESD). At the sys-
tems level, we have analyzed ESD-produced strottural currents and estimated
their amplitude and wave shapes. We have measuted the shielding effectiveness
of our Faraday cage design to both radiated and conducted fields in omier to
determine the effects of electromagnetic-interference (EMI)-produced E D on
components and systems. Again, at the systems level, we have performed ESD
radiated-spray testing on telemetry and command systems and on communications
payloads while monitoring system performance., At the component level, we have
performed current-injection tests of blanket bonding and grounding techniques
to determinc degradation of electrical grounds. We have performad electrom
bombardment tests of materials to deterwine optical and thermal. degradation and
discharge characteristics. We have measured gpectrum signatures of materials
that produced ESD. That is, we have nieasured the magnitude of the radiated-
field spectrum produced by ESD in electron bombardment tests. Future approaches
to quantitatively assessing the effects of ESD are as follows: large-scale en-
viroumental testing of systems while moriitoring system perforrance parameters,
as discussed by m mbers of the European space community; development of
combined-effects facilities to more accurately simulate the space environment
for monitoring of materials responses and parametexs.
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In response to thie question whether the hozards of spacectaft chatrgiig
have baén overdéstimated, the sclentlific community's reaction to miost new phé-
nomend thdt pore a threat to system performance ténds €o ba very consetvative,
This fesults in excessive design and test requirements in an effort to control
the ptoblem, As the &pacécraft charging phenomerdn becomes bétter undetrstood,
mote realistic design and test requiremerts will emerge, But the threat posed
by spacecraft charging and discharging is real and darngercus, as pointed out in
the lasc two confereticé papérs. For example, it can lead to thermal degrada-
tion of matérials,; communicaticns perforfiatrice degradation, logic upsets, sensor
degradation; and tven spacecraft failure.

Howevet; we may be etring in attributing most spacecraft anomdlies to
cliarging, Some of the occurrénces may be attributable to poor desigh. Current-
ly, there is no system to identify the exact source of ancmalies. We also do
not know enough about the effects of ESD. That is, exdctly what happens vwhen
there is a breakdown, what are the coupling mechanisms; what are the systems
interactions; how does ESD couple into spacecraft systems? In short, there is
a credibility gap in perceiving the actual hazard.

Governnent agéncies sliould contifiue to fund basic research into modeling
and testiig efforts that will help our understanding of the charging-discharging
phenomenori; sponsor large-scale system-lével test effotts; develop and recom-
mend definitive, unambiguous; cost-éffective design procedures that can control
the effects of ESD; make design guidelines & contractual requirément but allow
the design nrocedures to be tailored to the spécific mission and payload;
sponsor deveciopment of a standard, practical, ESD monitoring system that can
becone available a8 government-furnishéd equipmerit to spacecraft manufacturers
and ptrovide its interface requiredmients. Private industry should use good guide-
lines that are presently in practice, for example, EMI shielding of critical
signal lines; use engineering spacecraft charging modals; apply systems-level
analysis to validate designs; apply recognized, standardized test procedures to
ensure good desigi.

W. Ielin: As evidenced by this confererce and the previous oue, thé space-
craft chargifg-discharging phenomenon exists. It 18 now recognized as a phe-
nomenont that is encountered by satellicés e&nd other space systems, particularly
those that operate in the geosynchronous envitonment. Recognition of the phe-
fiomenon aiid proper consideration of it in spacéctraft design can reduce its
potential effoct from a hazard to a cause of disruptions or anomalies or can
eliminate it complétely, as évidented by the éxperiénice with GEOS. GEOS vas
designéd to be 96 percent conductive arid has reported no instances of any dis-
ruptiois or ariomalies that could be attributed to spacecraft charging. oOn the
otlier hand, Méetecgat-1 is teported to be pérforming extreémely well in spite of
occasional (about 1 per week) status ¢hangés. These changes are attributed to
surface dischargés (spacecraft chatging) resulting from the presently rather
high solar activity. A recent anomaly in the on-board sateéllite clock system
of an operational satellite hds been attributed to spacecraft charging, but the
event has not beén duplicated in the laboratory. Spacecraft charging is often
offerad as the cause of certain satellite anciidlies without apy real direct
supporting evidence, There is only one reported case in which spacccraft chiarge-
was established as the cause of the catastrophic fallure of a satellite - a
DSCS power system,
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It 15 my opinlon that spacecraft charging 1s not really a hazard but a
problem that migst be treated early in the design of a satellite, By incorporst-
ing the proper standards and guldelines it can he dealgned out of a satellice,
As reporited carlier, an electrostatic dischorge (ESD) contrel program has bean
incorporated into the deaign, devélopment, and testing of the DSCS III satellite
and promisca to minimizc er climinmate the ¢ffects of spacccraft charging ESD.
The preliminatry spacccraft charging standard and the dediga guideliues for the
control of spacecraft charging reported in be previous sesslon are two of the
key activities i.. the cooperative NASA-AF spacceraft charging investlgation.
When updated to include SCATHA spaceflight ddta and formalized, these documnts
will. provide thie basis for the desigh of charging-free operational satellites.
Certain scientific satellites whose mission includes measurements of very low-
energy radiation and charge buildup present special problems that must be
handled on an individual satellite-by-satellite basis.

The many papers presented at this confercrnce are ample evidencze of the
progress that has been made in qualitatively and quantitatively assessing ‘he
overall phenomenon and.its potential for causitg problems with vatrious space-
craft systems and subsystems. SCATHA will add greater insight into the overall
problem and provide th: data needed to further define the dynamic, often very
rapidly changing, geosynchronous radiation environment, The SCI and ML12 ex-
periments will provide valuable materials performance and response data and
relate spacecraft charging with contamination. A thorough understanding of
spacecraft charging and related modeling activities is expected to take wmany
years, but the standards and design guidelines to build satellites essentially

free from any major hazards or ancmalies should be available within the next
2 to 3 years.

Is the Air Force response to spacecraft charging reasonable? Spacecraft
charging is only one factor that must be considered in the development and ap-
plication of new satellite thermal-control coatings and materials. Table 1
shows these factors.

TABLE 1. - PROTECTIVE THERMAL-CONTROL COATINGS AND MATERIALS

FOR EXTENDED-LIFE SURVIVABLE SATELLITES

@ Tailored optical properties

G'E
@® Space stable 7-10 years ® Hardened for nuclear and
UV, e"s, P+) YOUR laser effects
e Low contamination ¢ low-intrinsic-sighature
FAVORITE materialz (vieible, IR,
radar)
SATELLITE
e Reduced space charging e Shvoud and decoy materials
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Ficst end foremost, the new maferlals must have the required therno-
uptical properties to function as therale-control coatinge. Theaa materiale
wast be stable to the natutal spdee cnvironmen. for the 1if~ of the particular
miselon arnd, dependiiig on the speetfic mlsslon (comirmications, survelllance,
ete.); be very low-contominotion sources snd/or be able to contrel spacectaft
chorging. 1In addition to natukal-envireonmefit survivability, “eesign of Alr
Force operational satellites must also consider the vulnerability €actofs in
the right-hand column of table 1. Certain of these factors wore id tiie realw
of sclence fictlion not Loo many yodrs ago. A spoece-stable, low-contomination,
reduced-space-cliarging materlal that is suited for a commierclal satellite might
be totally unsatisfactoty fof an ALt Force satellite because of deficiencies in
hardiiess properties.

In summary, spacecraft charging is only one factor that must be considered
in the design, development, and tecsting of spacecraft. Proper application of
the spacecraft charging standatd and the designh guidelines for tbe control of
spacectaft charging from the Air Forceé - RASA cooperative effort should reduce
or essentially eliminate spaceécraft chdrging as. a major concern in future satel-
lites. Very large space structures represent a special case, and further ef-
fort and analysis will be required. There is a definite lack of secondary
emission, radiatiofi-induced surfece and h:lk conductivity, photoconductivity,
and other classical niaterials data needen to support the spacecraft-charging
modeling activities and tu form the basis for developing new and improved
thernal-control coating materiels. Responsibility for developing such data
within the AF-NASA spacecraft-chaiging workitig group has not been determinad,

J. Datrali: At the Air Force Wenpons Laboratory, we are principally con-
cerned with nuclear warfare and the :urvivauvility of spacecraft, There is thus
less ability, through normal cxpuvience in peacetime, Lo check potential space-
craft performance. The porform.nice of spacecraft in ambient and enhcr -»d viec-
tron environments (e.g., solar suhstorms) by no means explains what wor . .ap-
pen in a nuclear explosiocn. Here we have not only the electron envire .n:,
but also the effects of gamma rays (which cause a number of chaivges to wove in
a spacecraft, potentials to develop, currents to flow, and the conductivity of
materials to change), as well as X-rays and phiotoelectric pleromena (ohe prin-
cipal mechanism called the system-generated electromagnetic pulse (SGEMP) ef-
fect). And in some cases there may be synergistic effects, depending on the
state of the charge, betileen the elections and the pamna rays or X-rays. The
current in the spacectaft can be significantly higher, particularly in the
high-energy portion, during a nuclear explosion than during a solar substorm.
Consequently, problems that miight not be experienced during spacecraft opera-
tion in the natural space environment may become problems in the nuclear en-
vironmerit, Esseéntially, the time to accumilate enough charge to cause dis-
charges and difficulties could be very long in the natural enviromment but
could be a few orders of magnitude shorter in the nuclear enviromment. So this
is a different problem and cannot be evaluated w=11 from peacetime experience.

Nuclear tests above the atmosphere have started with the Starfish test,
which is the first of the Fishbowl series of high-latitude tests, There are
not a lot of data from these tests. However, there has been some review of the
data, and some spacecraft anomalies do not seem to be attributable simply to
total dose effects, for example, solar-cell degradation and prompt TKREE effects,
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which clearly leasd to eventual spacecraft feilure. So some miclear anomalies
may be related to spacecraft charging., The problems are cledatly sot cata-

strophi¢ (e.g., burnout of most of the major electronics) or thére would be &
lot of panic. v

The best data available clearly come from space tests rather than from
laboratory tests. Unfortunatély; there seéms to be a lack of ¢ooperation be-
tween the gpacécraft designers and operdtors and the spececraft-charging commu-
nity. So there is no clearinghouse where incidents of anomalies are reported
and the seriousness of the problem is investigated systematically.

Progtess will never be made on fhe total enginecering problem down to the
interface level without laboratery experiments on the full systems level.
Basic modeling phenomenology physics by itself will not do very mu¢h. The solu-
tion to this problem is not going to come from first-principle physics and it
is not going to come from small-gample and limited-geometry tests. First-
principle calculations for the nuclear case, including synergisms, produce re-
sults that are not real. If they were real, total burnout of spacecraft elec~
tronics would have occurted in many cases. The problem of how dangerous space-
craft charging is will be resolved by large-scale laboratory éxperiments backed

up by a reasonably prudént amount of even larger scale laboratotry. &;periments
and theory.

Although spatecraft charging is obviously a hazerd to some as yet undeter- -
mined degree, some operational problems mentioned by the panel members are sim-

ply a matter of design. So anomalies cannot be used as proof of how important
a problem charging is.

No one, neither systems house ror govermment agency, is capable of deter-
mining thé effect of a nuclear explosion on dgpacecraft charging. This effect
could bécome of primé importaiice during wartime and is a present concern of the
systéms houses. Even the effect of a peacetime explosion causes concern.

In conclusion, the Air Force Weapons laboratory is going to try, within the
limits of our understanding, to reproduce the &pacecraft charging phenomenon in
the laboratory. We will also try to conduct systems-level experiments with
reasonable phénomenology across the whole spectrum of election energies.

C. Pike: The reliability and survivability of militacy missionn spacecraft
is of paramount consideration. 1In thiis program, technology dollars must com-
pete with systems dollars, whith are certainly far more significant. A technol-
ogy base must be developed and trzusfeérred to the users. Fortunately, thé haz~
ard of spezcecraft charging was recognized many years ago .y Alr Forée Headquat-
térs. The Air Force then éstablisihed an interdependént techmology program with
NASA. As this program lias progressed, the list of operating anomalies from

military and civilian spacecraft has grown and provides a very strong justifica-

tion for pursving our program., Indeed, there is a problem, although what is
perceived by one program manager as an anomaly of great cohcern to his progrem
would be merely a nuisance to another program manager. This is e subjective
area wheré candot is often lacking. It is very difficult to assess what, from
en operations acd reliability viewpoint, is e hazard.
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Some significant results of the Alr Fotce - NASA progrom were presehtéd at
this conference. Very significent algo ig the¢ preserice at the conference of
the aerospace industry, espocially the large corporations who are the contric-
tors for the mission programs., They will implement the technology we develop
and are strong spokesmen for this téchnology.

MIL standard 1541, which is & charging-related tést standard, has had a
significant impact on satelli e developmént, Thé only satellite development
program using this standard is DSCS 1Ii. This satellite is being developed in
the context of the AF<NASA teclinology program. The growing list of anomalies
have océurred on satellites thac were designed many years ago and hav# had band-
aid fixes to them., ‘The technnlogy that we have béeen developing in the past 2 to
3 years is being incorporated in the DSCS III program., Dr. Massaro's paper on
charging calculationis on DSCS III shows that indeed the satellites will see
high voltages and that in some cases steps have been taken to mitigate that
voltage buildup. Gil Condon's paper shows the design end tést program that
General Electric is putrsuing.

The DSCS III program is devéloping our next generation of communications
satellites, a significent payofi from the AF-NASA technology program. The
spacecraft charging huzard has been recogtilzéd, a technology base has been de-
veloped, and it is being implemented. The Air Force Geophysics Laboratory has
been successful in defining the spacectaft chargiug envirormert and we know
where the technology gaps are - in the field-alined fluxes and lonic composi-
tion. SCATHA will certainly provide needed information. In conclusion, there
has been strong progress in the technology program. Technology transfer has
been proceéeding very smoothly. Thése conferences aré a very important part of
the transfer process. Téclindlogical development generally requires at least
10 years, and we. have only been involved in it for 2 or. 3 years. Only in 1972
to 1974 did spacecraft charging come to the forefront, In a very short time &
lot of progress has been made, and the technology is being applied ifi dur next ..
generation of comftunications satellites,

A. Rosén: Theré is one person that hasn't been represented - the person
who {8 responsible for assuring that a system that is about to be launched sur-
vives, That person generally needs a measured resporise to many, many hazardous
gsituations. Hé really doesn't know whether to immerse the spacecraft in s gi-
gantic swarm tunnel and subject it to electrons and iou: or mereiy to do ah air -
test with simiiated arcs. He does not even know what sort of arcs to use,
Subjecting the spacecraft to unknowri arés that may not be represeritative of the
in-orbit condition could beé a greater hazdrd than not testing it at all., Should
he do a coupling analysis program, which could be very eipensive? Or a charging
analysis? If he grounds scme of the thermal bldnkets, does he need a verifica-
tion program to ensure that everything Ls grounded? Thesé questions haven't
really beén addressed., He would like to havé s medsured résponse to what he
considers to be the hdzard, but he doesn't know what a good measuted response
is. This is why sone quantitative assessment of the spacecraft churging hazard
must be made,

Ate there afy questions of the panelists among cach other? Then, the dis-
cusrion is open to the sudience.
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J. Nopoli: 1 am with RCA American Communications. At the conference 2
year$ ago there was 4 similar panel discussion; but thé theme was a 1lictle dif-
ferent. The panel members planned to teéll industry - all users, systems de-
signers, and manufacturers - that they wanted to plot orbitial arcing to see
what the environment is liké., They wére goirg to supply sensors to industry,
Unfortunetely, no action was taken., I think for that very reason there is a
credibility gap.

Three of the five commércial users of satellites attended the last confer-
énce, At this conference, I am thé only commercial representative. The five
commercial users have 18 satellités in geosynchronous orbits. If there wasn't
a credibility gap, these users would be represented here., In the next couple
of years, there will be two more commercial users. They are not repicsented at
this conference either. Unless it can be demonstrated that electrostatic dis-
charging (ESD) will either curtail an 8-year mission and thus cause a loss of
potential profit and earnings on a commercial satellite, theré is going to be a
credibility gap with the éommercial users. That is one of the problems.

As far as incorporating sensors on the spacecraft, I tried to bring the
messSage to my management but was met with the credibility gap. They said sen-
sors would be nice to have if the procurement and installation were free, The
procuremént from NASA was free. The installation by the contractor was not.
My managemént wanted to know what government agencies that have launched satel-
lites in the last 2 yedars have these sensors on their own satellites. That is
a hard question to.answer and is one that I would .ike to put to the patel,

Mike Magsaro from GE would like to seé many test programs conducted. 1f
all these test programs are sponisored by the government, fine. Would GE run an
internally funded progtam to test spacecraft in plasma tanks to show that there
is a hazard or that there is a sulution to the hazard? 1 think that, if GE
wasn't finded by the Alr Force and NASA, that the position wouldn't be tzken.

I feel that 1'm being a realist here and I have one more questicn. I8 DSCS III
going to have any sensors on board?

R, Finke: All governmént-sponsored spacecraft put into gevsynchronous
orbit have had s2nsors. The Canadian government put a sensor on CTS. ESA put
a sensor on OTS. Both were simple sensors that counted transient events. But
both thegse government-sponsored spacecraft have them, Again, RASA has not
sponsored or built spacécraft, with the exception of TDRSS. Ms. Bever repre-
sents thée Goddard Space Flight Center and TDRSS. The Director of Goddard,

Dr. Cooper, has requested the support of the Lewis Research Center in investi-
gating charging problems and design criteria for TDRSS. We are supporting that
project., NASA, again, just is not in the geosynchronous spacecraft business.
But we do take spacecraft charging seriously.

G. Ruck: usomething like a Transient Pulse Monitor (TPM) was installed ofi
an operational Af{r Force satellite many years ago. Bu- the present spacecraft
chatrging program is more expersive than just a single instrument., The P78-2
satellité aléne costs over $45 millioti. The SCATHA portion is just over §5
willion. So the Ailr Force hds invésted over $50 million in trying to idéuntify
and solve the spacecraft charging problem. I have seén evidence at this confer-
encé that GE is working on thie problem. So, the existence of the problem is
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vecognized: Now, if we do our job right, the problem will no longetr exist in
2 years for the types of spacetraft being built now or to 1980 or 1985, Except
for kilometer-size sttucturés, thé problem will be eolved,

M. Massarc: In response to the quection about ESD monitérs, SAMSD inm their
original contract did rat tequest a monitor systém on DSCS. Actually, General
Electric proposed it in our respomse to the prop ;al. Howevér, lster, because
of budgetary constraints and mainly because we don't think ESD will be¢ a problem
on DSCS because of the materials being used and the speclal precasutions beiug
taken, GE decided not to install an ESD monitor. However, the Japanese (our
customer) during their contrac. with us requested that we “ESD proof" their

Broadcast Satéllite Experimentdl System. They, as a user, were concérned about
it.

in response to the question about spacecraft outage, the doméstic common-
currier satellite companies who lease transponders on the Domsats are terribly
concerned about outages due to solar activity or any other cause. Ve may not
be too aware of what the outages are, ds pointed out by anothér panel membe:.,
A lot of spacecraft manufacturers and operators do not want to discuss the
problems they heve had with their systems., Some representatives from Comsat
Laboratories are present and theéy may want to discuss the outages on the
Intelsats because they do seem concerned about the problem.

S. Bosma: Mr, Darrah caild that a small-gcale test would not be relévant
for engineering problems on a spacecraft. However, if you take any materisl,
you start with what its basic behavior will be. You establish its outgassing
properties, its thermo-optical properties, etc., with small-scale laboratory
tests. You also want to determine its électrical propérties. It would be quite
normal to apply a screening test method on the electrostatic properties of mate-
rials. In a sense this is already taking place. Furthermore, Mr. Darrsh said
that there arec no solutions for electrostatic problems., I think that Dr, Lahn
will agree that most of thé thermal-control coatings have conductive alterna-
tives. There are conductive black paints, conductive optical solar reflectors
(OSR's), and metal surfaces that are themselves conductive, Only the problem
of a conductive flexible solar reflector has yet to be solved. In 2 or 3 years
solving the electrostatic problem will be standard practice,

J. Datrah: Although the materi-ls tests mentioned by Mr., Bosma are of use,
they have limitations that severely a ‘ect the original question of the credi-
bility oi spaécecraft charging as a hasard, From a small area of material it is
difficult to establish, even from a basic physics standpoint, the area of ther-
mal blanket or the area of solar cells that contributes to é&n arc. That 16, as
matérial is added to the spacecraft, on the outside and the iuside, how large
an area contributes to a dischsrge current at what rime? Small-scale experi-
ments do not even establish the boundarics of the problem. 350 you don't know
how much increasing the area to more of & systems icvel might contribute to an
arc, So there is not a bound on curréant, localization, or time history from
smdll-scalé experiments. That 16 vhy largér-scale expériments are requirved.
The whole spectrua hasn't been treated, particularly the nuclear casé. It isn't
clear that results from thermal blankets and external coating tests can Le used
to evaluate the poténtial of digcharges in priuted-circuit boards, in cables,
end in other dielectrics in thé interior of the spacecraft durivg fiuclear var-
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fare. The coupling problem of arce in many of these latter cases ig e wch
more codiplicated problem than the insight into the physics that comes from the

small-scple samples. The small-scale éxperiuwent resulte on coupling depend
very auchi on the design. ‘

W. Lehn: A lot of progress has beén made it the materisls charging aspect,
in trying to modify FEP Teflon or Kapton to be conductive. But that is only
part of the problem. The right side of the table I presented earlier shows the
more severe problem, which hasi't been brosched-at this meeting, Peacetime use,
és indicated, is mot a problem, In another citustion, some of the best mate-
rials for solving the charging problem have been totally inadequate for those
problems listed on the right., We have some golutioms, but we don't have the
golution that will fill all the Air Force requiréments. e have some materials,
data, and approaches but also many questions, Tae question of in-depth charg-
ing is still open. The need for bulk conductivity of materials has not heen
deterinined. There is no good, adequate approsch to provide a substitute mate-
rial for any current matérial that has all the optical properties, long life-
timé¢, and high bulk conductivity and that can be substituted directly.

G. Kuck: The question of the level to which you test is ome with which
you are always faced., No ratter what type of environment is involved, you must
decide whether you want to simulate the environment or the effects of the en-
vironmént. You have to differentiate between verifying that the system will be
able to operate in that enviromient and making a system that operates reliasbly
in the effects of that environment. All satellites that are hardened for SGEMP
and for some of the nuclear wffects are not tésted im underground nuclear teésts,
We try to test the systems some other way. We specify to the contractor what
type of test the Air Forcé or the ctistomer requires so that the operational
spacecraft will be proved reliable, without costing a percentage of the gross
national product. One of the approaches taken in the SCATHA program is to try
to fill that gap between the environment ahd the effects of the environment.

The P78-2 satellite will check what the EMI and KFI environments are in space,
A laboratory scale model will be tested, possibly including & spray test, to
gee what its EMI-RFI eavironment is. The laboratory environment can then be
related to what we see in space. We will then try tc relate the laboratory en-
vironment to the zresults of smell-sample tests in order to complete this logic
loop. Relatively inexpensive tests that model all those effects will be levied
on the contractor, 1t.-ls a money and resources problem.

Earlier I was témiss in not s&ylng what I think the government's responsi-
bility is. The government's responsibility is to make sure that we get the
tests and procedures that the conttractor can adapt to the systém he is building,
In final 4nalysis, we need a combination of ahalysis, testing, and whatever.so
that we can assure the satellite sponsor that the satellite will operate feli-
sbly when wé launch it, If there is an anomaly, it will not bé anywhere oni the
scale between 1 and 10, but wiil be about 0.5. To gain an extra 0.1 percent in
reliability would cost too much. The question is how to tie together the small-
scale test, the larger scale test, and the actual operation in the space envi-
ronment. Then, liow does one wmodel the effects afid define the apptopriate,
affordable, systcms-level test that gives you confidence before a launch.

You have to look at the vhole syszem.
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Member of audience: Would the panel comment on the launch time of SCATHA
relative to the ll-year solar sunspot cycle?. ————-

C. Pike: 1In the past 6 or 9 months, solar activity has gone up very
dramatically and, more recently, it appeare to be platesuing., SCATHA will be
orbiting and collecting data nedr the sunspot maximum, & very disturbed time.

E, Whipple: When Dr. Rosen formulated his point on a credibility gap, he
put it in terms of questions to modelers: Have they really dore their job?
Have the environmental modelérs really done things properly? Have the sheath
modelers done their job? Have the discharge modelers really modeled that pro-
perly? That seems.to be putting the burden on the theoretical side. I'm enough
of a theoretician to know you never trust a theoretical answer but you should
look to the data. 1I'm disappointed, in a way, that the people who have flown
spacecraft, that is, the spacecraft designers and builders, have not found the
causes for these anomalies. Why aren't they more interested? 1s there a con-
flict of interest, pethaps, in that the designer doesn't want to admit that his
design didn't take care of this particular problem? Why hasn't thete been more
work? We need to know more about the anomalies that have already occurred,

A. Rosenn: I didn't put the whole burden on the theorétician for solving
or not solving the important problems. I did put some of thé burden on them;
but also some on the experimentalists for not tackling the right problems; and
also some on the project managers, who are responsible for disseminating funds,
for not seeing to it thac the right problems were tackled., And, I'll accept
the responsibility myself for being blind 2 years ago to what the real protlems
were. So the theoreticians are not being blamed for everything. The anomalies
are an exercise in frustration for most project mahagers. It is almost impos-
sible to reconstruct events as they occur on a spacecraft. Large sums of
money ~ about $10 million in half a dozen cases - and quite a bit of effort
have gone into this. The results have been inconclusive in the cases I have
been involved with. So, we are really chasing our tails. On the one hand the
spacecraft designer refuses to put diagnostics (transient monitors) on the
spacecraft because monitors are not going to fix anything for him. On the
other hand, when he does get into troubi(e, he is in a dilemma and can't deter-
mine what the source uf the problem is.

E. Whipple: Why hasn't there been a strong efiphasis ¢n diagnostics? A
small TPM monitor is not expensive.

A, Rosen: ‘uc neonle who are responsible for operational spacecraft gen-
erally don't want to undertake a research and development program by using
diagnostics monitors.

G. Kuck: Elden, it's money.

. J. Napoli: One of the real reasons is that the level of problems has been
about 0.5 on a scale of 0 to 10 - problems that huve not caused any outages, at
least none that wée can attribute to spacecraft charging. In my 3 years of
satellite operational experience - that 3 yeatrs is a total of 6 if you take
the two satellitea - we have not had any problems or any outages that we can
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attribute to spaceéraft charging. That is ttue, in general, with all the com-

mercial satéllite programs. Without an outage caused by some unknown, you
can't justify the cost of sensors.

§. Deforest: That statement doesn't make sense unless we add the qualif-
ication that all anomaiies have been tracked down to a source without these
diagnostics being made.

J. Napoli: The anomalies we haven't been able to track down are so in-
significant that they are not of. any major concern.

A. Rosén: There was one anomaly that was a-10 on a scale of 0 to 10 and
it was tracked down very .vigorously., This total failure and loss of a space
system tvas attributed to a charging phenomenon. There was no other cause for

that failure that was as credible as a charging ahd discharging event. Although
we cannot say that it definitely was the cause.

M. Massaro: Maybe the design features of the RCA satellites precluded any
problems with ESD. In other words, ESD did not affect the components because
of the design procedures RCA had used for these two spacecraft. In other words,
it is fortunate that you didn't have any problems.

J. Napoli: Let me give you a little background on that, About 3% or 4
years ago myself, as a user, and our contractor, RCA Astroelectronics of
Princeton, toured the country after we had read the report. about that particular
catastrophic problem that Dr. Rosen made reference to. We wére in the design
phase at that time so we were concerned, That is the very reason why I'm here
and have followed this subject for the last 4 years. We tried to find out what
the problems were and what to do to avoid them. Then we went through all the
ramifications and reviewed all the test data we had picked up by contacting
people in the optical coating industry, in the other contracting industries, at
SAMSO, and in various other places. We looked at our basic design, but even
so we made no changes other than those we had originally planned to make anyway.

A. Rosen: At this point I would like to close the session.
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